ABSTRACT Background: Relations between the consumption of nuts and legumes and risk of ischemic heart disease (IHD), stroke, and diabetes have not been well established. Objective: We systematically investigated and quantified associations of nut and legume consumption with incident IHD, stroke, and diabetes. Design: We systematically searched multiple databases to identify randomized controlled trials or observational studies that examined the relations. Studies were excluded if they reported only intermediate physiologic measures, soft cardiovascular outcomes, or crude risk estimates. Data were extracted independently and in duplicate. We assessed pooled dose-response relations by using a generalized least-squares trend estimation, and prespecified sources of heterogeneity were assessed by using metaregression. The potential for publication bias was explored by using funnel plots, Begg's and Egger's tests, and Duval and Tweedie trim-and-fill methods. Results: Of 3851 abstracts, 25 observational studies (23 prospective and 2 retrospective studies) and 2 trial reports met inclusion criteria and comprised 501,791 unique individuals and 11,869 IHD, 8244 stroke, and 14,449 diabetes events. The consumption of nuts was inversely associated with fatal IHD (6 studies; 6749 events; RR per 4 weekly 28.4-g servings: 0.76; 95% CI: 0.69, 0.84; I 2 = 28%), nonfatal IHD (4 studies; 2101 events; RR: 0.78; 0.67, 0.92; I 2 = 0%), and diabetes (6 studies; 13,308 events; RR: 0.87; 0.81,0.94; I 2 = 22%) but not stroke (4 studies; 5544 events). Legume consumption was inversely associated with total IHD (5 studies; 6514 events; RR per 4 weekly 100-g servings: 0.86; 0.78, 0.94; I 2 = 0%) but not significantly associated with stroke (6 studies; 6690 events) or diabetes (2 studies; 2746 events). A meta-regression did not identify the effect modification by age, duration of follow-up, study location, or study quality. Mixed evidence was seen for publication bias, but analyses by using the Duval and Tweedie trim-and-fill method did not appreciably alter results. Conclusion: This systematic review supports inverse associations between eating nuts and incident IHD and diabetes and eating legumes and incident IHD.
INTRODUCTION
Although nuts and legumes (beans) have nutrient profiles that may reduce cardiometabolic risk, their associations with major clinical cardiometabolic endpoints have not been well established (1, 2) . Nuts are rich in unsaturated fatty acids, plant protein, dietary fiber, antioxidant vitamins (eg, vitamin E and tocopherols), minerals (eg, magnesium and potassium), and phytochemicals (eg, flavonoids). Legumes are rich in protein, complex carbohydrates, fiber, and various micronutrients (eg, phytochemicals) (1) . Controlled trials have shown beneficial effects of the consumption of nuts and legumes on cardiovascular disease (CVD) 5 risk factors (1) , and a recent trial in high risk adults showed that advice to consume a Mediterranean diet supplemented with nuts significantly reduced CVD events w30% (3). However, to our knowledge, only one previous meta-analysis has reviewed the relation between nut consumption and ischemic heart disease (IHD) and showed an inverse relation with fatal (but not nonfatal or total) IHD (4), and relations of nut or legume consumption with other cardiometabolic endpoints such as stroke or type 2 diabetes have not been systematically reviewed. Furthermore, the previous meta-analysis (4) included only 4 studies, did not use most-covariate-adjusted risk estimates from each study, and did not assess the potential doseresponse relation. To address these key gaps in knowledge, we performed a systematic review and meta-analysis of associations between nut and legume intakes and incident IHD, stroke, and diabetes.
METHODS
We followed the Meta-analysis of Observational Studies in Epidemiology (5) guidelines for observational studies and Preferred Reporting Items for Systematic reviews and Meta-Analyses (6) guidelines for randomized control trials during all stages of design, implementation, and reporting of this meta-analysis.
Primary exposures and outcomes
Primary exposures of interest were the consumption of nuts, which was defined as intake of tree nuts (eg, walnut, almond, hazelnuts, pecan, cashew, and pistachio) and peanuts (including peanut butter), and legumes, which was defined as intake of beans, peas, lentil, and tofu, with the exclusion of studies focused on soy, soy milk, or soybean oil. Primary outcomes of interest were incident IHD, stroke, and type 2 diabetes. Subtypes of IHD and stroke were further evaluated including fatal and nonfatal IHD and ischemic and hemorrhagic strokes.
Search strategy
We searched multiple databases including PubMed (www.ncbi. nlm.nih.gov/pubmed), Ovid (www.ovid.com), the Cochrane Library (www.thecochranelibrary.com), the Web of Science (www.wokinfo. com), Cumulative Index to Nursing and Allied Health Literature (www.ebscohost.com/biomedical-libraries/the-cinahl-database), Faculty of 1000 (www.f1000.com), and Gray Literature sources (www. opengrey.eu). In addition, of full-text articles selected for review, we hand searched citation lists and performed additional electronic searches of the first 20 related articles on PubMed. We also directly contacted experts to identify recently published or potentially unpublished studies. Searches of databases were conducted through 25 December 2013. Search terms included nut, seeds, almond, pecan, cashew, pistachio, macadamia, legume, bean, soybeans, lentil, peas, peanut, Mediterranean diet, cardiovascular disease, heart disease, myocardial infarction, heart attack, sudden death, stroke, cerebrovascular accident, and diabetes; see supplemental text under "Supplemental data" in the online issue for full search terms. Titles and abstracts of all identified articles were screened by one investigator; full-texts of potentially relevant articles were assessed for eligibility independently and in duplicate by 2 investigators.
Study selection

Inclusion criteria
We included all randomized controlled trials (RCTs), prospective cohorts, or case-control studies that evaluated nut or legume consumption and risk of IHD, stroke, or diabetes in generally healthy adults. Studies were included if they provided corresponding multivariable-adjusted risk estimates such as RRs, HRs, or ORs with corresponding data to calculate the variance.
Exclusion criteria
We excluded studies with concomitant major interventions that could not be separated from nut or legume consumption. Studies were also excluded if they only reported soft CVD outcomes (eg, angina) or intermediate risk factors (eg, blood lipids, insulin resistance, or metabolic syndrome), only providing crude (unadjusted) risk estimates if observational, focused on comparing vegetarians with nonvegetarians, or had a follow-up duration ,3 mo. When duplicate publications from the same study were identified, we included the report that included the largest number of cases for each endpoint of interest. We excluded commentaries, reviews, and case reports after reviewing their related articles and citation lists for relevant original investigations.
Data extraction
Data were extracted by using a standardized electronic format independently and in duplicate by 2 investigators. Information included the first author name, contact information, publication year, study name, location, design, population (age, sex, race, and sample size), duration of follow-up, exposure definition, exposure assessment, exposure categories, dose in each category, outcome definition, outcome ascertainment, statistical analysis method, and covariates. Also, for each exposure category, we collected data on the median exposure, number of participants, personyears, number of events, and risk estimate and its corresponding uncertainty. For nuts, analyses were standardized to 4 weekly servings [28.4 g (1 oz)/serving (7)] on the basis of intakes associated with lowest risk in observational studies (8) and dietary targets set by advocacy organization (9) . For consistency, analyses for legumes were also standardized to 4 weekly servings [100 g/serving (7)]. Differences in data extraction between investigators were unusual and were resolved by consensus.
Quality assessment
We assessed study quality on the basis of 5 criteria including the appropriateness and reporting of inclusion and exclusion criteria, assessment of exposure, assessment of outcome, control of confounding, and evidence of bias as previously reported (10) . Each study received a score of zero or one (one being better) for each criterion, and an overall quality score was calculated as the sum of individual scores. For descriptive purposes, quality scores from 0 to 3 were generally considered lower quality, and scores from 4 to 5 were considered higher quality.
Statistical analysis
To maximize the use of information across all categories of exposure in each study, we conducted dose-response meta-analyses by using the 2-step generalized least-squares trend model (11, 12) . Study-specific dose-response risk estimates were computed from the ln of risk estimates across categories of nut and legume intakes, with the consumption level in each category accounted for; and these study-specific risk estimates were pooled to derive an overall risk estimate. HRs and ORs were considered approximations of RRs. For each category of exposure, required inputs were the multivariable-adjusted risk estimate, its corresponding SE, personyears of follow-up (for RCTs and prospective cohorts) or number of subjects (for case-control studies), median exposure, and number of cases. When only sex-stratified results were reported by a study, these estimates were first pooled within each study by using the 2-step generalized least-squares trend method to derive the overall study-specific risk estimate. Analyses were performed by using random-effects inverse-variance weights. We compared these findings to fixed-effects inverse-variance weights in sensitivity analyses.
The between-study heterogeneity was assessed by using Cochran's Q and the I 2 statistic. I 2 values of 25%, 50%, and 75%
were considered to represent low, moderate, and high heterogeneity, respectively (13) . Potential explanatory sources of heterogeneity were explored by using meta-regression including age (continuous; and categorical ,50 compared with $50 y), followup duration (continuous), study location (United States compared with non-United States), and study-quality score (continuous). Publication bias was assessed statistically by using Egger's and Begg's tests (14) and visual inspection of funnel plots. The influence of a potential publication bias on findings was explored by using the Duval and Tweedie trim-and-fill procedure (15) . Analyses were conducted with STATA 13.0 software (StataCorp).
RESULTS
Of 3851 articles identified, 27 studies met inclusion and exclusion criteria (Figure 1) , including 2 RCT reports, 23 prospective cohort reports, and 2 retrospective case-control studies. These represented one unique trial, 13 unique prospective cohorts, and 2 unique retrospective case-control studies that comprised 501,791 unique participants. The weighted mean (6SD) age of populations was 53.4 6 4.0 y, with a weighted mean follow-up of 13.1 6 6.3 y ( Tables 1 and 2 ). Sixteen studies were from North America, 8 studies were from Europe, and 3 studies were from Asia. Median intakes of nuts across categories within each study ranged from 0 to 213 g/wk and of legumes from 0 to 938 g/wk. Nearly all studies adjusted for major potential confounders including age, sex, tobacco use, physical activity, alcohol intake, and intakes of saturated fat, trans fat, fiber, vegetables, and fruit. Several studies also adjusted for factors that could be either confounders or intermediates in the causal pathway (eg, blood pressure and hypercholesterolemia) (16) (17) (18) (19) (20) (21) ; such adjustment could inappropriately attenuate observed risk estimates. Nearly all studies received a high-quality score ($4).
Nut consumption and cardiometabolic endpoints
Five prospective cohorts and one RCT evaluated the relation of nut intake with fatal IHD (206,114 participants; 6749 events), and 3 prospective cohorts and one RCT assessed nut intake and FIGURE 1. Screening and selection process of studies evaluating the consumption of nuts or legumes and incidence of ischemic heart disease, stroke, or diabetes. CVD, cardiovascular disease.
TABLE 1
Identified studies evaluating the consumption of nuts or legumes and incidence of IHD, stroke, or diabetes Three prospective cohorts and one RCT study reported on nut consumption and stroke (155,685 participants; 5544 events). When we pooled these studies, nut intake was not significantly associated with total stroke (RR: 0.89; 95% CI: 0.74, 1.05) ( Figure 2C ) or stroke subtypes (see Supplemental Figure 1 , A and B, under "Supplemental data" in the online issue). In 5 prospective cohorts and one RCT that assessed nut intake and incident diabetes (230,216 participants; 13,308 events), an inverse association with risk was seen (per 4 weekly servings, RR: 0.87; 95% CI: 0.81, 0.94) ( Figure 2D ).
All findings were similar with a fixed-effects inverse-variance weighting. For example, 4 weekly servings of nuts was associated with 22% lower risk of fatal IHD (95% CI: 16%, 27%), 22% lower risk of nonfatal IHD (95% CI: 8%, 33%), and 12% lower risk of diabetes (95% CI: 7%, 17%) and was not associated with total stroke (RR: 0.95; 95% CI: 0.87, 1.03).
Legume consumption and cardiometabolic endpoints
When 5 prospective cohorts (198,904 participants; 6514 events) were pooled, 4 weekly 100-g servings of legumes was associated with 14% lower risk of total IHD (RR: 0.86; 95% CI: 0.78, 0.94) ( Figure 3A) . Six prospective cohorts evaluated legume consumption and stroke (254,628 participants; 6690 events). Pooling all studies, legume intake was not significantly associated with total stroke (RR: 0.98; 95% CI: 0.84, 1.14) ( Figure 3B ) or stroke subtypes (see Supplemental Figure 2 , A and B, under "Supplemental data" in the online issue). Two prospective cohorts reported on legume consumption and incident diabetes (100,179 participants; 2746 events) ( Figure 3C ). When these studies were pooled, legume consumption was not significantly associated with incident diabetes (RR: 0.78; 95% CI: 0.50, 1.24).
Findings with fixed-effects inverse-variance weighting were similar for IHD (RR: 0.86; 95% CI: 0.78, 0.94) and stroke (RR: 1.00; 95% CI: 0.90, 1.12). In contrast, with fixed-effects inversevariance weighting, legume consumption was inversely associated with diabetes (RR: 0.79; 95% CI: 0.71, 0.87).
Evaluation of heterogeneity
For several diet-disease relations, at least a moderate statistical heterogeneity was evident (Figures 2 and 3) . However, no statistically significant source of heterogeneity was identified in a meta-regression analysis of age, follow-up duration, study location, and study-quality score (P . 0.05 for each).
Publication bias
The visual inspection of funnel plots (see Supplemental Figure 3 under "Supplemental data" in the online issue) and Begg's and Egger's tests provided mixed evidence for a publication bias toward small, protective studies for the relation of nut consumption with fatal IHD (Begg's P = 0.260, Eggers's P = 0.059) and total stroke (Begg's P = 0.089, Eggers's P = 0.006) and legume consumption with total stroke (Begg's P = 0.06, Eggers's P = 0.009). When we explored the influence of a potential publication bias We used the reported median intake or midpoint of each exposure category to define the median intake in that category.
For studies with open-ended lower or higher categories that did not report median intake, we set the lower boundary to zero for lower categories and used the difference from the median to the upper range in the closest adjacent category to impute the median intake in the highest category. When reported intakes were energy adjusted (eg, per 1000 kcal), we estimated absolute intakes on the basis of the mean or median total energy intake. All intakes were standardized across studies to 4 weekly servings (28.4 g) for nuts and 4 weekly servings (100 g) for legumes. Disease endpoints were ascertained by an endpoints committee of physicians whereby a physician, who was unaware of the subjects' risk factor status, reviewed medical records and death certificates (for fatal events). If the cause of death was not adequately documented in the medical records, the next of kin was interviewed about the circumstances under which death occurred.
3
The study did not separately report risk estimates for fatal and nonfatal IHD, and the risk estimate of total IHD was used for both fatal and nonfatal IHD.
4
Fatal IHD was not included in the analysis because a report with a larger number of cases from the same cohort was included in the analysis.
5
Not included in the analysis because a report with a larger number of cases on the same association from the same cohort was included in the analysis.
6
Ischemic and hemorrhagic stroke were not included in the analysis because a report with a larger number of cases from the same cohort was included in the analysis.
7
Total intakes of nuts and peas. 1 Degrees of adjustment for confounders were as follows: sociodemographics (+), sociodemographics plus either other risk factors or dietary variables (++), and sociodemographics plus other risk factors and dietary variables (+++). For quality scores, a quality assessment was performed by a review of the study design, including inclusion and exclusion criteria, assessment of exposure, assessment of outcome, control of confounding, and evidence of bias. Each criterion of the 5 quality criteria was evaluated and scored on an integer scale (zero or one, with one being better) and summed; quality scores from 0 to 3 were considered lower quality, and quality scores from 4 to 5 were considered higher quality. CVD, cardiovascular disease; IHD, ischemic heart disease; ref, reference.
using the trim-and-fill method, findings were generally similar with inverse associations of nut consumption with fatal IHD and no significant association of nut consumption or legume consumption with total stroke (see Supplemental Figure 4 under "Supplemental data" in the online issue). Evidence of a publication bias was not seen for studies that examined nut consumption and nonfatal IHD or diabetes or legume consumption and total IHD or diabetes. However, such testing could have had limited power in the setting of relatively few studies.
DISCUSSION
For the first time to our knowledge, we systematically reviewed the relations between consumption of nuts and legumes and incidence of IHD, stroke, and diabetes. Our investigation identified 27 studies that included 501,791 unique individuals from 3 continents, including 11,869 IHD, 8244 stroke, and 14,449 diabetes events. We showed that 4 weekly 28-g servings of nuts were associated with 24% lower risk of fatal IHD, 22% lower risk of nonfatal IHD, and 13% lower risk of diabetes. Also, the consumption of 4 weekly 100-g servings of legumes was associated with 14% lower risk of IHD. Conversely, neither nut or legume intake was significantly associated with incident stroke, and legume consumption was not significantly associated with incident diabetes, although each assessment was based on relatively few studies. Most findings were robust to the choice of random-or fixed-effects weights and fill-and-trim methods to explore the potential influence of a publication bias. The exception was legume consumption and diabetes risk, for which results varied on the basis of weight; therefore, significant fixed-effects findings, which were derived from only 2 studies, should be interpreted with caution. Otherwise, each pooled analysis included hundreds of thousands of participants and thousands of clinical events. Thus, our study represents the most complete available evidence to-date on how intakes of these foods relate to the incidence of major cardiometabolic events.
Cardiovascular and metabolic benefits of nut consumption have been supported by several lines of evidence. Nuts contain many healthful components including unsaturated fatty acids, vegetable proteins, fiber, folate, minerals, antioxidants, and phytochemicals, which, in isolation or as part of enriched foods, improve cardiometabolic risk factors (42) (43) (44) (45) . For example, in a pooled analysis of 25 controlled trials, daily nut consumption reduced the total cholesterol concentrations by 10.9 mg/dL, the LDL-cholesterol concentration by 10.2 mg/dL, the LDL-to-HDL ratio by 0.22, and the total-to-HDL ratio by 0.24 (46) . The consumption of nuts has also reduced triglycerides in subjects with high baseline concentrations (.150 mg/dL) (46) . Furthermore, a recent meta-analysis of 8 controlled feeding trials showed that nut consumption lowered systolic blood pressure (22.25 (45) . The consumption of nuts may also improve the antioxidant capacity and reduce systemic inflammation (47) . In addition, low carbohydrate and high unsaturated fat contents of nuts produce lower postprandial glucose and insulin responses when consumed alone or in combination with carbohydrate-rich foods (48, 49) . Nuts are also a rich source of magnesium, which may have antiarrhythmic effects (50) . Notably, although nuts are relatively calorie-dense (20-30 kJ/g) because of their higher total fat content (46-76%), nut consumption has been associated with less adiposity in observational studies (51) and did not contribute to weight gain in trials (47, 51) . In sum, improvements in CVD risk factors in trials, benefits of a nut-focused dietary intervention rich in the Prevencion con Dieta Mediterranea (PREDIMED) trial (3), and our current results together provide compelling evidence that nut consumption is cardioprotective.
Like nuts, legumes contain multiple bioactive constituents that could improve cardiometabolic health, including fiber, folate, and phytochemicals (52) . In a meta-analysis of 11 clinical trials, the consumption of nonsoy legumes lowered total cholesterol, LDL cholesterol, and triglycerides by 7%, 6%, and 17%, respectively, without significant changes in body weight (52) . Legumes also produce lower glycemic responses, which may protect against diabetes (53) . Although the identified studies did not attempt to model specific food replacements, it is plausible that metabolic benefits of legume consumption could at least partly be related to the replacement of iron-containing meats or higher glycemic grains, starches, and sugars (10, 54) . Our results showed an inverse association between eating legumes and risk of IHD while also highlighting the paucity of studies on legumes and stroke or diabetes.
A previous meta-analysis of 4 prospective cohorts reported an inverse association between nut consumption and fatal IHD (4). However, the study did not assess nonfatal IHD, stroke, diabetes, or legume consumption. Also, only data in highest compared with lowest categories of intakes were used rather than the use of all categories; and extracted risk estimates in 3 of 4 studies (16, 17, 24) were not the most multivariable adjusted (ie, including dietary covariates). Our findings have built on and substantially expanded these previous results by evaluating a range of cardiometabolic endpoints, assessing legume consumption, using fully multivariable-adjusted estimates; and incorporating all categories of data to quantify the overall pooled dose response.
Compared with the PREDIMED trial (3), our pooled risk estimates for nuts were of similar magnitude for IHD and diabetes and were not significant for stroke. Because total CVD was the primary outcome of the PREDIMED trial, the specific findings in that trial for secondary endpoints such as IHD, stroke, and diabetes should be interpreted cautiously, and our pooled results may provide the most robust overall estimate of how nut consumption influences these endpoints. Conversely, PREDIMED participants achieved other small dietary changes that could alter stroke risk, which perhaps accounted for a larger benefit than seen in our meta-analysis. In addition, some of the observational studies in our analysis adjusted for potential mediating pathways (eg, blood pressure) that might have attenuated the true magnitude of the effect.
An insufficient consumption of nuts has been estimated to be a major contributor to global cardiometabolic mortality (8) . On the basis of risk estimates from a preliminary version of this meta-analysis (55), nearly 2.5 million global deaths in 2010 were estimated to be attributable to low nut intake (8) . Compared with our previous preliminary results (55), our current findings showed modestly smaller inverse associations of nut consumption with IHD and diabetes. Future analyses should incorporate these new findings to provide the best estimates of the global burden of diseases attributable to insufficient nut consumption.
Our analysis had several strengths. We systematically searched multiple databases to identify relevant studies. Our pooled findings included and were consistent with results of a large randomized trial (3, 33) . We used available information across all exposure categories to estimate the pooled dose response. We evaluated and accounted for potential heterogeneity by several characteristics including study quality. Although relatively few studies were identified for each diet-disease association, large numbers of participants and events were included, which increased the statistical power to detect clinically meaningful associations. We identified studies from North America, Europe, and Asia, which increased the generalizability.
Potential limitations should be considered. We did not identify any controlled trials that evaluated legumes and incident IHD, stroke, or diabetes. Although all observational studies in our analysis adjusted for multiple major risk factors, the possibility of residual confounding by imprecisely or unmeasured factors could not be excluded. Yet, our findings were consistent with cardiometabolic benefits of nuts and legumes in short-term trials and, for nuts, with a clinical endpoint trial. Dietary habits were self-reported, definitions of nuts and legumes were not identical across studies, and most studies did not account for nuts or legumes consumed as an ingredient within other foods. These limitations would have caused an exposure misclassification, which could have attenuated the true effects toward the null.
In conclusion, we showed inverse associations of nut consumption with fatal IHD, nonfatal IHD, and diabetes and of legume consumption with incident IHD. Our findings also highlight key knowledge gaps, such as for stroke subtypes and legumes and diabetes. In light of their constituents and benefits on cardiometabolic risk factors in trials, our results support a role for nuts and possibly legumes as part of a cardiometabolically healthy diet.
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